A technique utilizing an artificial heartlung system for isolation-perfusion of ovine hind limbs was described. Twelve lambs were used in a preliminary study to develop the surgical and perfusion technique. Rising perfusion pressure, falling venous output and increasing tissue edema caused a termination of most of the preliminary studies within 15 to 30 rain. after isolation of the hind limbs. Varying levels of pheno~ybenzamine was ineffective in relieving these conditions~ However, addition of 150 ml of a 10% dextran (mw 40,000) Krebs-Ringer-bicarbonate solution to 2.15 liters of the whole blood perfusate relieved the symptoms of organ distress. The hind limbs from seven additional wethers were isolated and perfused for a 2-hr. period. Data concerning the perfusion technique and tissue viability are reported.
Introduction
Techniques for the study of basic biochemistry and physiology in live domestic animals have been utilized for many decades. Attempts to isolate and explain many of the biochemical and physiological processes in specific tissues have lead researchers to the employment of basic in vitro techniques such as tissue homogenates, slices, and cultures. Isolation of specific organs or tissues removes
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3 Appreciation is expressed to Armour Packing Co., Lexington, Kentucky for supplying whole ovine blood and to Mr. T. L. Redd for technical assistance. 9 4Department of Animal Sciences. the extrinsic effect of neural and hormonal influences and, thus, allows more controlled experiments to be conducted than in the intact tissue. However, it is evident that separating an organ or tissue from its normal blood, nerve and hormonal supply and placing it in artificial nutrient media may alter the normal physiology of that tissue considerably. Isolation-perfusion of many organs has been reported (Miller et al., 1951; Coyne, Rudolf and AUport, 1968; Ruble, 1969; Athreya et al., 1968; Barnes, Streider and Kazemi, 1968; Ahren, 1972) . Hind limb perfusion has been reported in the rat (Love et al., 1970; Barak, Beckenhauer and Tuma, 1971) and dog (Mehl et al., 1964; Thulesius and Johnson, 1966) . Whole-body perfusion has been utilized in pig studies (Campion et al., 1971) . However, procedures for isolation-perfusion of ruminant muscle or ovine hind limbs have not been reported.
The study reported herein was initiated for the purpose of developing a technique whereby ovine muscle tissue could be isolated and tissue viability maintained by utilization of a whole blood perfusate and an artificial heart-lung system.
Experimental Procedure
Preliminary Experimentation. The initial preliminary experimentation began by testing the perfusion equipment for maintenance of flow, oxygenation and temperature of ovine whole blood. Further preliminary studies involving surgery on 12 lambs were conducted to develop the surgical and perfusion technique. Reducing the period of anoxia between the time that normal blood flow to the limbs was stopped and, later, initiated by the perfusion system was accomplished by perfecting the surgical technique. The initial 893 procedure involved the surgical removal of one hind limb which subsequently was attached to the perfusion system. However, less drainage and complete recovery of the perfusate were accomplished by isolating both hind limbs via catheterization of the abdominal aorta and inferior vena cava followed by complete removal of both hind limbs. Rising perfusion pressure, falling venous output and increasing tissue edema terminated most of the preliminary studies within 15 to 30 min. after the hind limbs were attached to the blood supply furnished by the artificial heart-lung system.
The principal factors involved in organ distress of increased edema, rising perfusion pressure mid falling venous output have been reported by Folkman (1968) . These characteristics of organ distress can be overcome by using perfusates which cause less resistance to flow, such as plasma or plasma substitutes (Belzer, Ashby and Dunphy, 1967; Belzer et al., 1968; Anderson, 1966; Stevens, Iverson and Reemstsma, 1968) . However, to maintain proper oxygenation and as near normal physiological conditions as possible, it was felt that the red cells should remain as a part of the perfusate. Thulesius and Johnson (1966) used phenoxybenzamine to reduce venous resistance and improve flow rates during organ perfusion. However, varying levels of phenoxybenzamine failed to improve flow of whole blood through the hind limbs reported in this study. The inclusion of a 10% dextran solution (mw 40,000) as part of the whole blood perfusate improved flow characteristics similar to the results of Derrick and Guest (1971) . Perfusion pressures were reduced, venous outflow improved and tissue edema ceased to be a problem after addition of the dextran solution to the whole blood perfusate.
Surgical Procedure. Seven wethers averaging 23.2 kg were fasted for approximately 16 hr. prior to surgical removal of both hind limbs. The jugular vein was catheterized and sodium pentabarbitol (60 mg/ml) administered via the venous catheter until the desired level of anesthesia was obtained. The body cavity was opened via a ventro-medial incision from the scrotal area to the base of the sternum. The internal viscera were more accessible after an incision through the region of each rear flank which severed the external and internal oblique muscles. A section of the colon was removed and the intact ends ligated. Small mesenteric vessels were ligated whenever necessary. Connective tissue was CROSS ET AL.
freed from underneath the abdominal aorta and inferior vena cava to allow passage of a ligature (mersilene, size 2-Ethicon) under each vessel. At this point 5,000 IU of sodium heparin were injected via the venous catheter. The heparin was allowed to circulate for 1 to 2 minutes. A hemostat was then placed on the abdominal aorta approximately 5.0 cm anterior to the point of bifurcation into the femoral arteries. This was usually the most accessible anterior point. Another large hemostat was clamped approximately 1.3 cm caudal to this point and the vessel was severed. The inferior vena cava was clamped approximately in the same area as the caudal hemostat on the aorta. This vessel was then severed anteriorly to the hemostat. Twenty milliliters of sodium pentabarbitol were immediately injected via the venous catheter to completely stop respiration. The hind limbs were removed in the area where the vessels were severed. The abdominal aorta and inferior vena cava were catheterized with an 18 fr Bardic catheter. The hind limbs were weighed and placed in an enclosed plexiglas box in the perfusion apparatus. The period of anoxia between cessation of normal blood supply and return of circulation by the perfusion apparatus was maintained at 3 to 5 minutes.
Hind Limb Perfusion. After weighing the hind limbs, the arterial catheter was immediately primed with an oxygenated washout solution consisting of 10% dextran (mw 40,000) in a Krebs-Ringer-bicarbonate solution from the arterial line of the perfusion apparatus. Figure 1 shows the assembled perfusion system during the perfusion of ovine hind limbs.
Residual blood was cleared from the limbs with 500 ml of the wash-out solution during a 3 to 4 min. wash-out period. After the wash-out period, the tubing was disconnected from the catheters and the solution pumped out. The system was then primed with the whole blood perfusate.
The perfusate consisted of 2.15 liters of whole blood plus 150 ml of a 10% dextran (mw 40,000) Krebs-Ringer-bicarbonate solution. The total perfusate volume was 2.3 liters. Whole blood was collected at a sheep slaughter house 2 to 3 hr. prior to surgery. Heparin (10,000 units/l) and chloramphenicol (0.1 g/l) were added. The blood was stored in a siliconecoated flask at 5 C until approximately 30 min. before surgery. The dextran solution was added to the whole blood and the flask placed in a water bath and slowly agitated until used.
The perfusate was allowed to circulate through the hind limbs for 2 to 3 min. before a Figure 1 . Perfusion apparatus. A, arterial tubing connected to abdominal aorta; B, venous tubing connected to inferior vena cava; C, venous reservoir; D, disc-type rotating oxygenator; E, 95% O 2 -5% CO~ inlet tubing; F, Sarns roller-type pump; G, water bath with long glass coil immersed; H, blood filter; I, mercury manometer. 0-time perfusate sample was taken. Perfusate samples (15 ml) were collected from the venous outflow tubing at 30-min. intervals until the end of the 2-hr. perfusion period. Foaming of the perfusate developed in the oxygenator but was controlled by spraying the perfusate in the venous reservoir with a silicone defoaming agent (Dew Coming).
The order in which the perfusion apparatus is assembled is somewhat arbitrary. The order of perfusate flow in this study was: pump to water bath to blood fdter to abdominal aorta to inferior vena cava to venous reservoir to oxygenator and back to pump (figure 1).
The perfusate was circulated through 6.35 mm (I.D.) Tygon tubing. Silastic tubing (6.35 mm, I.D.) was used in the pump. All surfaces which the perfusate contacted, except the tubing, were coated with a water-soluble silicone solution (Siliclad, Clay Adams). A roller-type pump (Sams, Inc., Model 3500) was used as the artificial heart. A glass coil through which the perfusate flowed was immersed in a water bath. This maintained the temperature of the perfusate at 37 C. The perfusate was faltered with a plastic scouring pad (Tufty) wrapped in two layers of surgical gauze and encased in a plexiglas cylinder. A mercury manometer was installed prior to the point of entry of the perfusate into the abdominal aorta. Also, a diversion T with a screw clamp was installed immediately prior to entry of the perfusate into the abdominal aorta. This was OF OVINE HIND LIMBS 895 used to control perfusion pressure and to divert any excess perfusate into the venous reservoir to be recirculated through the perfusion apparatus. Any perfusate seepage from the organ was allowed to drain into the venous reservoir. Perfusate flow readings were taken at 30-min. intervals by using a stop-watch and graduated cylinder to quantitate venous outflow. A plexiglas cylinder was used as the venous reservoir, The oxygenator was a disc-type rotating oxygenator similar to that described by Kay and Cross (1957) . The oxygenator was supplied with a 95% oxygen and 5% carbon dioxide gas mixture. Analyses. Percent hematocrit was determined by centrifugation in micro-capillary tubes. The perfusate was centrifuged at 1,000 x g for 15 min., the plasma removed and frozen until analyzed. Plasma glucose was determined according to theprocedures of Hoffman (1937) adapted to the Teehnicon Auto-Analyzer.
Analysis of variance and orthogonal comparisons of the data were conducted using a computerized regression analysis system (Statistical Analysis System, North Carolina State University).
Results and Discussion
Changes in pH, blood flow rate, perfusion pressure and percent hematocrit during isolation-perfusion of seven ovine hind limbs are presented in table 1. There was a significant (P < .01) linear increase in pH as perfusion time increased. The pH measurements and the bright red color of arterial blood indicated that the tissue was receiving adequate oxygen. If the muscle tissue were not receiving adequate oxygen to support aerobic metabolism, it would have relied on anerobic glycolysis for a considerable amount of its energy supply, and the associated accumulation of lactic acid would have lowered pH. Thus, blood pH should be one gross indicator of tissue viability. The increase in pH was very slight (7.22 to 7.30) and was within the normal physiological range.
The mean blood flow rate (venous outflow) was 452 + 54.6 ml]minute. Abramson, Katzenstein and Ferris (1941) reported that blood flow rate through the leg of five human subjects averaged 1.2 ml/min./100 g of limb.
The average blood flow rate through the perfused ovine limbs reported in this study was 7.9 ml/min./100 g of limb. Perfusion pressure was relatively constant during perfusion, ranging from 62.1 to 67.3 mm mercury. Coyne et al. (1968) observed increased viability of kidneys when canine kidneys were perfused at CSignfficantly linear (P < .01). dSignifieantly linear (P < .05). eSigrtificantly linear (p <.001).
or below 60 mm Hg of perfusion pressure.
There was a small increase in percent hematocrit after 120 min. of perfusion. The percent hematocrit of the perfusate at 0-time was 28.7 and after 120 rain. of perfusion was 30.2. This was a significant (P < .05) linear increase and indicated the existence of a small amount of edema.
Plasma glucose decreased linearly (P < .001) as perfusion time increased (table 1) . This decrease indicated that the muscle tissue was utilizing glucose at approximately the same rate (60.2 mg/hr./kg hind limb) throughout the perfusion period. After 120 min. of perfusion the mean concentration of plasma glucose was 7.0 mg/100 milliliters. One perfusion study was continued to 4 hours. The plasma glucose concentration after 120 min. of perfusion was 8.41 mg/100ml and at the end of 4hr. was 8.05 rag/100 ml. These data indicate that glucose should be infused into the perfusate if ovine hind limb perfusion studies are continued beyond 2 hours. The decrease in plasma glucose showed tissue utilization of plasma glucose, a further indication of tissue viability during perfusion.
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